In this paper the method for the minimum cost flow determining in fuzzy dynamic network with nonzero lower flow bounds is proposed. Considered method takes into account fuzzy nature of networks' parameters and deals with fuzzy arc flow bounds, fuzzy transmission costs. Fuzzy arc flow bounds, costs and transit times can vary depending on the flow departure time. The method allows introducing the notion of "fuzzy network" instead of "stationary-dynamic" network, considered in conventional flow literature. The sphere of application for considered problem is presented.
Introduction
Conventional tasks of maximum and minimum cost flow finding assume the instant flow, passing along the arcs of the graph [1] . Such tasks are called static flow tasks. In fact, it turns out that the flow spends certain time passing along the arcs of the graph. Then, we turn to dynamic networks, in which each flow unit passes from the source to the sink for a period of time less than given [2] . Dynamic network is a network determines that all flow units sent from the source must arrive in the sink within the time p [3] .
Dynamic networks describe complex systems, problems of decision-making, models, which parameters can vary over time [4] . Such models can be found in communication systems, economic planning, transportation systems and many other applications, so they have a wide practical application.
Fuzzy dynamic networks literature review is presented in [2] . Historically, the maximum flow finding in dynamic graphs was the first task in dynamic graphs, described in the literature. This problem is in finding of the maximum flow, passing from the source (s) to the sink (t),
in the network for p discrete time periods, starting from zero period of time.
The task of minimum cost flow finding in dynamic graphs is in searching of flows of the given value, which have minimum cost. This field, appeared later, is more complex sphere of investigations. Fleischer and Skutella [5] examined this problem. Cai et al. [6] considered networks with transit parameters. The sub problem of the minimum cost flow finding in dynamic graphs is the shortest path problem. This problem was widely reported in the literature by the authors Ahuja et al. [7] in terms of nonnegative transit times.
The fact that the flow, passing along the arcs of the graph, can have lower bounds usually isn't taken into account in the literature. For example, network that consists of railways, sea and air roads is considered. Therefore, the freight trains have certain level of load, which is more than profitability threshold, transport planes don't fly at a low load. Thus, it is necessary to introduce lower flow bounds, which can lead to the absence of feasible flow.
Despite the investigations of the authors in the field of dynamic graphs, the problems described above were not considered in the literature in fuzzy conditions. The authors Glockner et al. [8] considered the minimum cost flow problem in dynamic graphs as a task of linear programming. In fact, the flow bounds, the values of flows, passing along the arcs, transmission costs cannot be accurately measured according to their nature. The weather conditions, traffic jams, repairs influence flow bounds. Variations in petrol prices can influence transmission costs. Therefore, these parameters should be presented in a fuzzy form, such as fuzzy triangular numbers. Thus, we obtain a problem statement of the minimum cost maximum flow finding in the dynamic network in fuzzy conditions. The method of operating with fuzzy numbers is presented in [9] .
In the present contribution we propose a method of the minimum cost maximum flow finding in fuzzy dynamic network. Presented method considers nonzero lower flow bounds, upper flow bounds, transmission costs in a fuzzy form and transit times depending on the departure time. The proposed method can be used for 16th World Congress of the International Fuzzy Systems Association (IFSA) 9th Conference of the European Society for Fuzzy Logic and Technology (EUSFLAT) efficient cargo transportation. In the present paper it is demonstrated with GIS «ObjectLand».
The paper is structured as follows. The problem statement of the minimum cost maximum flow finding in fuzzy dynamic network with nonzero lower flow bounds and basic definitions and rules of proposed method are provided in the next section preliminaries. The third section deals with proposed method. The application of the proposed method is described in the fourth section. The last section is a conclusion and future work.
Preliminaries
This section is devoted to basic definitions and rules that underlie the proposed method and contains the description of the problem statement of the minimum cost maximum flow finding in fuzzy dynamic network with nonzero lower flow bounds.
Basic definitions and problem statement

Definition 1
Fuzzy stationary-dynamic network is a network which is represented by a fuzzy directed graph 
Definition 2
Fuzzy dynamic network is a network which is represented by a fuzzy directed graph The problem statement of the minimum cost maximum flow finding in fuzzy dynamic network with fuzzy lower and upper flow bounds is as follows:
The equation (1) means that it is necessary to find the minimum cost maximum flow for the specified number of time periods, where The equation (2) indicates that the maximum flow value  for p time periods is equal to the total flow, leaving the source for p time periods By the other words it is necessary to transport maximum flow units () p  of the minimum cost in dynamic network taking into account lower flow bounds in such a way that the last flow unit would enter the sink at time period not later than p. In this case, upper flow bounds, lower flow bounds and transmission costs are transit.
Basic rules
Presented method of the minimum cost maximum flow determining considers transforming to the timeexpanded fuzzy graph corresponding to the initial graph (rule 1) defined in [10] . 
The set of arcs p Ã consists of arcs going from each node-time pair
of one flow unit along the arc connecting the node-time pair ) ,
After that turn to fuzzy time-expanded graph without lower flow bounds according to the rule 2 provided in [10] . 
. It means that every node t in each time period from p is connected with every node s at all time periods in the graph 
2) Introduce the arcs connecting * s with ) , ( If the feasible flow is found in the time-expanded fuzzy graph, transform it by finding the maximum flow of the minimum cost according to the rule 3, given in [10] . , , ) ( , , , )
Rule 3 of fuzzy residual network construction with feasible flow for the minimum cost maximum flow finding in fuzzy dynamic network with transit nonzero lower flow bounds, upper flow bound and transmission costs
j i i j i j u x x x x l x x          , transit time ( , , , ) ( , , , ) j i i j x x x x         , transmission cost ( ,j i i j с x x с x x       .
Proposed method
We Example data describing the plot of the railway network of the Rostov region is given in the Thus, the input data can be any CSV-file of the given structure. The names of the particular fields are configurable parameters. The output data of the program are:  Calculated maximum flow value of the minimum cost in fuzzy form. 
The CSV-file has the same structure as presented in the Table 1 . Resulting file is imported to the program, then the user selects the method of the minimum cost maximum flow finding in the fuzzy network. When the process is completed the results are available on the «Results» tab. In the tab «Iteration report» the calculated results and the values of the main variables are presented as shown in the Fig. 11 . Fig. 11 : Iteration report.
Conclusion and future work
The method of the minimum cost maximum flow finding in the fuzzy dynamic network is considered in this paper. The feature of the problem is in fuzzy nature of the network's parameters and possibility of the flow bounds, costs and transit times vary over time. The necessity of introducing the lower bounds is taking into account due to the peculiarity of the network. The practical implementation of the proposed method is realized by the railway map of the Russian Federation via GIS «ObjectLand».
In the future, new methods of the maximum and the minimum cost flow finding in fuzzy networks with fuzzy continuous transit times will be proposed. Moreover, new methods of the dynamic flow finding with fuzzy continuous transit times will be obtained on the networks with gains.
